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A.  INTRODUCTION 

This  report  covers  work  performed  under  contract  N00014-70-C-0327  during  the 
1  October  -  31  December  quarter.  Research  areas  covered  relate  to  the  specific  tasks 
outlined  in  Exhibit  A  and  which  are  referenced  in  Modification  P00001  of  the  contract. 

The  work  includes  continuing  of  the  studies  of  rehabilitation  effectiveness  for 
instrumentation  tapes;  on  additional  quantity  of  these  tapes  with  known  use  histories  have 
been  furnished  to  us  by  the  Navy  for  the  purpose  of  verifying  our  earlier  reported  results. 
These  continued  studies  in  this  area  are  to  provide  further  confirmation  of  the  dry  cleaning 
approach  for  rehabilitating  heavy  duty  use  tapes,  the  goal  being  to  demonstrate  that  the 
process  of  reconditioning  is  repeatable  and  independent  of  the  time,  place,  operator  or  the 
specific  cleaning  machine  used. 

Studies  conducted  during  the  first  year  of  this  program  utilized  special  instrumen¬ 
tation  for  counting  dropouts.  During  the  same  time  period  the  Navy  conducted  field  tests 
with  a  Tape  Condition  Monitor  furnished  by  Kenton  Engineering  Corporation.  In  both 
situations,  in  our  laboratory  and  in  the  field,  it  was  demonstrated  that  such  monitoring 
instrumentation  can  be  employed  to  effectively  sort  out  tapes  whose  performance  has 
deteriorated  to  unacceptable  levels.  As  a  follcw-on  to  this  work,  two  prototype  Tape 
Condition  Monitors  wilt  be  furnished  during  this  contract  extension  period.  These  instru¬ 
ments  are  discussed  under  Task  I  of  Section  D  in  this  report. 

Additional  studies  of  dropouts  occurring  in  magnetic  tapes  are  also  being  conducted 
under  this  contract  modification.  A  Government  furnished  recorder/reproducer  with  a 
spinning  head  subsystem  for  scanning  stopped  or  slowly  moving  magnetic  tape  will  be 
used  to  locate,  identify  and  study  the  nature  of  the  specific  types  of  dropouts  which 
occur  in  these  heavy  duty  use  tapes.  Other  experiments  will  be  conducted  during  this 
contract  extension  period  which  are  to  provide  a  better  understanding  of  the  dropout 
phenomenon  encountered  in  tapes  used  in  analog  data  recording.  The  Government 
furnished  recorders  and  other  equipments  available  at  our  plant  will  be  used  in  these 
experiments  and  in  related  studies.  In  particular,  studies  will  be  conducted  which 
investigate  tite  effects  ot  tape  dropouts  on  performance  of  the  speed  control  servo  system 
of  the  AN/PSH-7  recorder/reproducer.  The  speed  control  reference  signal,  recorded 
on  the  tape,  can  be  conditioned  in  various  ways;  factors  which  optimize  signal 
conditioning  will  be  determined. 

B.  PREVIOUS  WORK 


Initial  work  under  this  contract  called  for  a  study  of  effectiveness  of  the  various 
available  tcpe  cleaning  methods  —  to  determine  feasibility  of  employing  such  techniques 
for  rehabilitation  of  instr mentation  tapes  which  are  used  in  major  Naval  systems  ond 
subject  to  heavy  duty  •  e.  Evaluation  of  120  reels  of  magnetic  tape,  1  inch  in  width  by 
14  inches  diameter  by  „,000  feet  in  length,  each  with  a  known  history  of  use,  was  under¬ 
taken  in  this  earlier  study.  These  tapes  were  initially  measured  for  dropouts,  then  forwarded 
to  a  tape  rehabilitation  center  for  cleaning  (or  some  cases  the  cleaning  was  accomplished 
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•  at  the  Naval  Research  Laboratory  or  at  our  plant).  Dropout  measurements  were  repeated 
after  the  cleaning  process  to  determine  what  beneficial  effects.  If  any ,  resulted  from 
each  of  the  cleaning  processes. 

In  addition  to  obtaining  favorable  results  for  some  of  these  rehabilitation  methods  ““ 
principally  those  falling  into  the  category  of  "dry  cleaning".  It  was  demonstrated  that 
monitoring  instrumentation  can  be  effectively  employed  to  remove,  on  the  basis  of  their 
dropout  characteristics,  those  tapes  that  have  deteriorated  in  performance  beyond  a  point 
of  useful  field  application.  It  wes  further  indicated  that  portions  of  tapes  that  have  been 
damaged  con  be  identified  by  the  monitor  and  that  the  useful  life  of  a  tape  can  be 
extended  by  replacement  of  such  damaged  sections. 

Present  contract  investigations  are  based  upon  a  logical  extension  of  the  favorable 
results  obtained  from  the  initial  tape  rehabilitation  studies.  This  work  extends  into  four 
technical  areas,  identified  as  Tasks  I,  II,  III  and  IV ,  on  which  progress  is  described  in 
Section  D  of  this  report 

C.  STEERING  COMMITTEE  MEFTING 

On  December  14th  and  15th,  1971,  a  project  meeting  was  held  at  Kenton  Engineering 
Corporation  to  discuss  status  of  work  being  performed  under  this  contract  and  on  other 
related  work.  Under  Task  I,  where  two  (2)  Tape  Condition  Monitors  are  being  furnished, 
the  following  was  reported  Except  for  a  few  missing  electronic  components  (meter  and 
diodes)  and  the  chart  paper,  all  of  which  will  be  received  shortly  from  our  vendors,  these 
units  are  complete  and  reody  for  checkout.  Instructions  for  operation  and  servicing  the 
Instruments  were  also  reviewed  by  the  NRL  representatives  and  these  instructions  were 
approved  and  released  for  printing.  The  two  prototype  instruments  were  observed  in  the 
shop  in  the  final  stage  of  assembly. 

Reported  as  work  completed  under  Task  II  of  this  contract,  were  the  "Before  Cleaning 
measurements  on  the  additional  quantity  of  35  heavy  duty  use  tapes.  These  tapes  have  been 
divided  Into  three  lots  for  cleaning  purposes.  NRL  reported  that  the  first  lot  of  12  tapes, 
cleaned  at  a  government  facility  where  a  GKI  680  dry  cleaner  is  available,  was  being 
returned  to  Kenton  for  the  "after  cleaning"  measurements. 

Kenton  reported  that  the  second  lot  of  12  tapes  had  recently  been  sent  to  the  GKI 
Tape  Service  Co.  in  Reston,  Va.  for  rehabilitation  and  that  the  third  lot  of  11  tapes  were 
being  held  at  our  plant  for  the  Task  III  wave-length  studies.  Cleaning  of  the  third  tape  lot 
is  also  scheduled  to  be  performed  by  GKI  Tape  Service  Co.  later  in  the  program. 

Dropouts  measured  as  a  function  of  tope  speed  and  wavelength  was  reported  for  the 
eleven  tapes  assigned  to  thisdudy.  These  measurements  are  being  conducted  on  the 
CEC  VR  2800,  with  all  combinations  of  the  following:  tape  speed  15,  30  and  60  ips; 
wavelengths  show  no  unexpected  results,  except  that  some  increase  in  the  number  of 
dropouts  were  recorded  when  reducing  tape  speed  from  60  ips  to  15  Ips  with  the  wavelength 
held  constant.  Tape  tension  was  checked  at  all  three  speeds  In  the  run  approoching  first 
contact  with  the  capstan.  All  readings  were  in  the  range  10  -  14  or  for  beginning,  middle 
and  end  of  tape  supply  at  all  three  speeds.  This  tape  drive  is  one  of  the  "closed  1009"  type; 
that  is,  the  tape  contacts  the  same  capstan  before  and  after  contacting  the  heads.  Tope 
tension  changes  within  the  "closed  loop"  as  a  function  of  tape  speed  may  be  the  reason  for 
the  observed  dropout  data. 
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Measurements  being  conducted  on  this  project  phase  should  be  completed 
by  the  end  of  December.  At  thot  time  the  Task  III  Investigations  will  be  redirected  to  the 
spinning  head  studies  of  individual  dropouts.  It  was  requested  by  $|ie  NRL  representatives 
that  a  shift  in  en^hasis  is  desired  relative  to  work  to  be  performed  in  the  area  of  tape 
dropouts.  Considerable  time  has  elapsed  since  these  studies  were  proposed  and  field 
experience  has  provided  practical  answers  to  some  of  the  problems,  therefore,  we  were 
instructed  to  curtail  work  on  sharply  contoured  heads  and  de-empha$ize  dropout  measure¬ 
ments  at  high  tape  speeds  and  long  wavelengths.  An  investigation  and  literature  survey 
of  recent  work  that  may  have  been  reported  In  this  area  of  dropout  identification  will  be 
undertaken  by  NRL  ~  to  determine  whether  any  useful  information  for  this  project  has 
been  reported  by  ethers. 

Material  generated  in  all  phases  of  these  NRL  programs  will  be  reviewed  by  members 
of  the  project  steering  committee  with  a  view  toward  possible  publications  in  the  refeeeed  . 
technical  journals.  Synopses  or  abstracts  will  be  developed  as  a  first  step  in  preparation  of 
material  far  publication. 

Task  IV  modeling  studies  which  involve  the  AN/FSH-7  transport  were  reported  by 
Dr.  Thomas.  This  work  has  proceeded  to  the  computer-aided  analysis  stage  and  has 
provided  gain  vs.  frequency  response  data  for  this  simulated  capstan-servo  model. 

Computer  programs  available  for  both  tape  and  tachometer  modes  of  operation  were  discussed. 
Data  in  Nyquist  and  Bode  form  were  displayed  which  indicate  the  effect  of  changing  system 
parameters  on  performance  stability.  Correlation  with  experimental  work  has  been  ochieved 
in  some  areas;  effort  is  being  directed  to  further  improve  correlation  so  that  the  computer 
analysis  will  be  increasingly  useful  in  the  AN/FSH-7  support  contract  work. 

As  part  of  the  above  studies,  NRL  representatives  requested  Dr.  Thomas  to  commence 
evaluation  of  a  number  of  proposed  high  density  digital  recording  methods  which  are  new 
under  consideration.  This  work  is  to  be  summarized  and  reported  as  part  of  the  Task  IV  b 
studies. 

D.  REPORT  OF  WORK  IN  PROGRESS 
TASK  I  —  PROTOTYPE  TCMs 

Construction  and  checkout  of  the  two  (2)  prototype  Tape  Condition  Monitors  (TCMs), 
Kenton  Model  6152,  Serial  B1  and  Serial  B2,  has  been  completed.  Except  for  new  chart 
paper  which  we  will  be  receiving  within  a  few  days  and  one  meter  —  which  proved  to  be 
defective  and  is  being  replaced  by  the  vendor,  the  instruments  are  ready  for  delivery.  In 
the  meantime  these  TCMs  are  being  operated  around-the-clock  to  assure  their  reliable 
performance  in  the  field. 

The  Model  6152  is  similar  to  the  Model  6152  (XN-1)  Service  Test  Model,  but  with 
the  following  changes  in  functions  and  characteristics. 

1.  Rack  mount  Instead  of  bench  mount. 
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2.  Choice  of  *12  db  or  -6  db  dropouts  insteod  of  only  *12  db. 

3.  Maximum  count  of  4000  dropouts  instead  of  2000. 

4.  125  KHz  crystal  oscillator  included  in  Model  6152. 

5.  Provision  for  electrical  reset  to  zero  count  from  external  equipment  instead 
of  built-in  15-minute  clock  reset. 

6.  One  volt  full  scale  voltmeter  instead  of  two  volt. 

7.  TTL  compatible  pulses  to  external  equipment  insteod  of  one  volt  pulses. 

The  Model  6152  detects  dropouts  greater  than  a  selected  value  of  -12  db  or  -6  db 
in  a  125  KHz  carrier  and  accumulates  the  count  of  such  dropouts  until  reset  to  zero,  either 
by  an  externally  supplied  +30  volt,  ten  second  pulse,  or  action  of  a  manual  pushbutton 
within  the  instrument.  The  data  is  presented  on  a  24-hour  circular  chart,  driven  by  a 
60  Hz  synchronous  motor.  There  is  provision  for  setting  the  chart  to  the  actual  time  of 
day.  Factory  setting  of  dropouts  is  at  the  -12  db  level.  The  block  diagram  of  the  Model 
6152  TCM  is  shown  in  Figure  H. 

The  carrier  input  impedance  of  the  instrument  is  greater  than  5000  ohms  and  the 
instrument  will  operate  on  carrier  levels  from  50  MV  RMS  to  1  V  RMS  without  manual 
gain  control.  The  electronics  include  an  AGC  circuit  and  a  carrier  level  voltmeter 
having  a  1  V  RMS  scale.  A  plug-in  125  KHz  filter  is  included,  which  permits  the 
presence  of  composite  signal  data  on  the  instrument  i npu t  without  impairing  the  basic 
function  of  the  Tape  Condition  Monitor. 

The  rectified  and  filtered  carrier  operates  a  trigger  circuit  if  dropouts  greater  than 
the  selected  value  occur.  Pulses  from  this  trigger  are  brought  to  a  BNC  connector  for  use 
In  external  equipment  and  are  also  used  to  operate  an  internal  scale  of  40  electronic 
counter.  Completion  of  a  cycle  of  this  counter  causes  a  solenoid  (odvance  solenoid)  to 
advance  a  100  tooth  ratchet  wheel  one  tooth.  A  cam  on  the  ratchet  wheel  shaft  deter¬ 
mines  position  of  the  chart  pen.  The  pen  is  odvanced  in  steps  equal  to  1/100  of  full  scale. 
Thus,  full  scale  on  the  chart  corresponds  to  4000  dropouts  (40  x  100). 

To  accomplish  reset  to  zero  count,  a  second  solenoid  (holding  solenoid)  is  octuated 
along  with  the  advance  solenoid.  When  both  are  actuated,  the  holding  pawl  and  the 
odvance  pawl  ore  retracted  from  the  ratchet  wheel  teeth,  allowing  a  spring  to  rotate  the 
ratchet,  com,  and  pen  arm  to  the  zero  count  position.  A  dashpot  is  provided  to  prevent 
violent  deceleration  of  the  zero  count  stop  position. 

The  crystal  oscillator  circuit  is  designed  to  accept  crystals  of  50  to  500  KHz  series 
resonant  frequency  without  need  for  retuning.  A  125  KHz  crystal  is  supplied  in  Model 
6152.  Output  from  a  BNC  connector  is  1  V  RMS  (no  load)  from  a  source  of  50  ohms. 
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The  basic  24  hour  chart  drive  and  pen  are  parts  of  the  Bristol  Model  IUD  530-24 
recorder  which  has  been  extensively  modified  to  produce  the  Kenton  Model  6152  Tape 
Condition  Monitor. 

Four  (4)  copies  of  the  Instructions  for  Operation  and  Servicing  will  be  furnished  with 
the  instruments.  These  instructions  also  cover  installation  and  provide  a  complete  parts  list, 
in  addition  to  the  electrical  and  mechanical  servicing  and  adjustment  procedures. 

TASK  II  —  VERIFICATION  OF  TAPE  REHABILITATION  METHOD 


Dropout  studies  prior  to  cleaning  were  completed  on  the  lot  of  35  heavy  duty  use 
instrumentation  tapes  made  available  for  this  program  task.  These  tapes,  identified  in 
quarterly  report  6200-1,  are  similar  in  use  history  to  the  120  tapes  which  were  studied  earlier 
and  described  in  the  30  June  1971  summary  report. 

In  this  present  study,  these  35  tapes  are  divided  Into  two  lots  of  12  and  a  third  lot  of 
11  tapes,  with  individual  tapes  selected  so  that  each  lot  is  represented  by  similar  use  histories. 
Dropout  counts  for  these  precleaned  tapes  and  dropout  rates  (counts  per  minute),  were  measured 
on  tracks  1  and  8,  by  determining  the  number  of  dropouts  occurring  at  the  -12  db  level  in  o 
125  KHz  recorded  carrier  at  60  ips,  on  the  CEC  VR  2800  recorder-reproducer.  These  measure¬ 
ments  are  tabulated  in  Table  11-1.  Also,  Figures  1 1—  1  to  11-35  provide  plots  of  dropout  data 
for  these  precleaned  tapes  as  a  function  of  time. 

These  tapes  are  all  scheduled  to  be  cleaned  by  the  GKI  680  dry  process,  which  was  the 
most  effective  of  the  several  rehabilitation  methods  investigated  earlier  in  this  program.  The 
principle  of  operation  of  this  dry  cleaning  process  is  to  remove  dirt,  particles  of  oxide  and 
backing  material  which  has  become  dislodged  from  the  tape  —  by  means  of  a  cleaning  blade 
which  scrapes  the  oxide  surface  of  the  tape.  The  loosened  debris  is  then  removed  by  fabric 
wipers  which  contact  both  sides  of  the  tape.  While  the  GKI  680  cleaner  is  not  unique  in  this 
cleaning  method,  earlier  results  showed  it  to  be  the  most  effective  of  the  several  rehabilitation 
techniques  that  were  evaluated.  To  confirm  these  earlier  findings,  which  showed  that  the 
-12  db  dropouts  were  reduced  to  22  percent  of  their  precleaned  totals  on  track  1,  and  to  31% 
on  track  8,  this  Identical  cleaning  process  will  be  repeated  on  these  three  tape  lots. 

Cleaning  operations  will  be  performed  at  different  rehabilitation  centers  and  at  various  times 
in  this  program  —  so  that  operators  and  the  specific  cleaning  equipment  are  not  always  the 
tame. 

Lot  1,  cleaned  at  a  government  rehabilitation  center,  has  rnw  been  returned  to  our 
plant  for  "after  cleaning"  measurements.  Lot  2  has  recently  been  sent  to  the  GKI  Tape  Service 
Company  at  Reston,  Va.  The  third  lot  of  1 1  tapes  are  being  retained  at  our  plant  far  work 
described  under  Task  III  which  follows.  These  tapes  will  be  sent  out  for  cleaning  later  in  the 
program. 
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TASK  III  —  ADDITIONAL  DROPOUT  STUDIES 


All  of  the  previous  dropout  studies  have  been  conducted  on  the  CEC  VR  2800  recarder- 
reproducer  at  a  tape  speed  of  60  ips  and  with  a  recorded  carrier  of  125  KHz.  The  criteria  for 
determining  when  a  dropout  has  occurred  is  the  measurement  of  a  reduction  in  reproduced 
signal  amplitude  of  the  carrier  of  at  least  12  decibels.  The  eleven  (11)  tapes  identified  as 
lot  3  in  the  Task  II  work  have  now/  been  assigned  to  the  additional  task  of  exploring  the 
relationship  between  various  tape  speeds,  wavelengths  and  number  of  dropouts  registered  on 
these  tcpes.  Because  major  emphasis  has  been  placed  on  other  phases  of  this  study,  the  scape 
of  these  measurements  is  necessarily  restricted.  All  measurements,  therefore,  are  limited  to 
center  track  8,  and  at  the  -12  db  level.  All  combinations  of  1/4,  1/2,  J  and  2  mil 
wavelengths  and  15,  30  and  60  ips  tape  speeds  are  covered  in  these  measurements.  The  tapes 
were  bulk  erased  and  the  transport  was  cleaned  after  every  pass  with  TEC-SOLV  928.  Tape 
tension  was  measured  at  each  speed,  at  the  beginning,  middle  and  end  of  each  tape  reel  — 
to  insure  that  this  parameter  remained  constant,  (maximum  variations  in  tension  were  from 
10  to  13  ounces).  While  time  of  the  tape  runs  vary  inversely  with  tape  speed,  measurements 
of  total  number  of  dropouts  under  all  conditions  represent  the  total  tape  length,  4500  feet. 

The  standard  laboratory  dropout  instrumentation,  employed  in  the  Task  II  work  was  used  for 
these  additional  dropout  studies,  except  that  the  125  KHz  input  filter  was  eliminated  and 
the  carrier  ripple  filter  following  the  detector  was  changed  from  10  to  2  KHz  —  to  eliminate 
lew  frequency  (7.5  and  15  K  Hz)  carrier  ripple  from  getting  through  to  the  counter. 

Total  number  of  dropouts  measured  under  the  above  conditions  are  listed  in  Table  1 1 1—  1 
Also,  plots  of  dropouts  vs.  time  at  the  four  wavelengths  —  all  at  60  ips  tape  speed  are 
provided  in  Figures  lll-l  through  111-2.  Analysis  of  these  data  and  additional  graphic 
presentations  will  be  included  in  future  reports. 
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TASK  fV  —  MAGNETIC  TAPE  TRANSPORT  SIMULATION  STUDIES 


1.  General  Remarks: 


During  this  period,  work  continued  on  a  theoretical  model  of  a  servo-controlled 
magnetic  tape  transport.  Computer  programming,  testing  and  operating  was  begun  on  a 
series  of  tasks  to  develop  the  transfer  function  of  the  system. 

Results  of  this  work  are  preliminary,  in  that  further  refinements  to  the  model  will 
be  made,  so  that  the  physical  machine  is  emulated  in  a  useful  fashion.  A  series  of  figures 
illustrating  current  results  are  included.  These  graphs  are  most  useful  for  illustrating  the 
effect  of  certain  parameters  on  the  operation  of  the  model.  They  do  not  give  an  exact 
replica  of  the  performance  of  the  physical  machine;  olthough  interesting  porollels  can  be 
seen  with  closed  loop  measurements  made  in  the  FSH-7  machine,  through  a  comparison  of 
Figure  IV -8 (2)  and  Figure  IV-8A. 

2.  Computer  Programs 

A  number  of  programs  have  been  written  in  Fortran.  They  are  designed  for  limited 
use  on  a  time-share  terminal.  These  programs  are  discussed  in  Appendix  A  and  an  example 
of  how  the  programs  operate  is  given. 

One  of  the  tasks,  in  representing  a  system  by  a  series  of  programs,  is  to  determine 
hew  well  the  theoretical  model  can  simulate  the  physical  machine.  When  the  physical 
machine  is  available,  measurements  on  the  machine  are  ideal  to  test  the  program.  Based  on 
these  criteria  the  model  and  machine  do  agree  in  a  broad  sense.  Differences  do  occur  in 
detail  as  will  be  pointed  out.  A  description  of  the  results  obtained  from  calculations  using 
these  programs  Is  discussed  in  the  following. 

3.  Results  of  Calculations 


At  this  stage,  the  model  may  be  used  to  give  valuable  insight  into  the  understanding 
of  the  servo  operation.  In  fact,  parallel  operation  of  the  calculations  and  physical 
measurements  has  proved  to  be  mutually  beneficial  and  stimulating. 

Referring  to  Figure  IV-4,  portions  of  two  polar  plots  are  shown.  The  logarithm  of  the 
response  amplitude  Is  plotted  against  the  phase  in  degrees.  According  to  the  Nyquist  theory, 
the  curve  plotted  must  not  pass  through  the  gain  point  1,  (0  db)  and  -180  degrees,  nor  must 
It  pass  this  point  from  the  wrong  direction.  The  plot  in  Figure  4  is  for  the  tochameter 
controlled  mode  at  the  reproduce  station.  The  parameter  varied  for  the  two  curves  is  JR, 
the  total  inertia  of  the  motor  armature,  capstan  and  pinch  rolls.  The  nominal  system  value 
Is  .01  a*-in-sec.  For  this  particular  system  configuration,  the  stability  requirement  is  that 
the  trajectory  of  the  plot  must  pass  through  the  gain  of  one  circle,  here  0  db,  with  a  phase 
shift  of  less  than  -180  degrees.  For  the  set  of  parameters  used,  curve  (1),  the  gain  margin 
is  approximately  5  db  (B-C);  the  phase  margin  is  50  degrees  (D-C).  Any  reduction 
in  gain  will  decrease  damping  and  eventually  the  system  will  become  unstable. 

-  8  - 


KENTON  ENGINEERING  CORPORATION  -  SKOKIE.  ILLINOIS 


I 


I 


Increasing  Hie  system  inertia  parameter,  JR,  reduces  the  system  gain.  Hence  larger 
motors  with  reduced  torque  to  inertia  ratios  will  have  degrading  effects,  unless  the  system 
gain  is  increased  a  compensating  amount.  Curve  number  (2)  shews  the  trajectory  far  a 
JR  of  .03.  This  curve  indicates  an  unstable  system;  but  the  system  will  become  stable  if 
the  gain  is  increased  by  at  least  4  db;  an  increase  of  10  db  would  make  the  system  similar 
to  the  reduced  inertia  case,  curve  (1). 

Another  interesting  parameter  is  TD,  the  damping  torque  of  the  inertia  roller. 

Figure  5  shows  the  polar  plot  of  the  system  under  tape  control  for  several  values  of  damping 
torque.  It  can  be  seen  that  values  of  TD  less  than  about  .5  oz-in  per  radian  per  second  are 
unstable.  In  addition  the  curves  begin  to  move  in  a  less  stable  direction  for  values  of  TD 
of  2  oz-in  per  rodian  per  second.  The  nominal  value  of  TD  for  the  FSH-7  can  be  calculated 
from  detailed  manufacturing  information.  In  the  remaining  data,  a  value  of  1 .  is  assumed. 

Figure  IV -6  and  Figure  IV-7  show  polar  plots  for  the  record  and  reproduce  stations 
in  the  tachometer  control  mode.  The  two  curves  are  different  due  to  the  different  stabiliza¬ 
tion  networks.  The  gain  margin  at  the  record  station  is  20  db,  but  only  5  db  at  the  reproduce 
station.  The  phase  margins  are  42  degrees  and  65  degrees. 

The  closed  loop  gain  as  a  function  of  frequency  for  the  two  stations  are  shown  in 
Figure  IV-8.  Curve  (i)  represents  the  record  station  and  Curve  (2),  the  reproduce  station. 

The  closed  loop  frequency  response  is  the  amplitude  of  the  output  with  respect  to  an  input 
reference  demand.  Since  the  system  can  be  easily  reduced  to  a  unity  feedback  circuit, 
the  input,  output  ratio  can  be  measured  physically  at  any  convenient  point  in  the  circuit 
loop.  Such  measurements  have  been  made  in  the  FSH-7  at  Kenton  Engineering  and  provide 
accurate  data  on  the  closed  loop  response,  so  long  as  the  amplitude  remains  in  a  linear 
region  and  the  system  is  stable.  A  measured  curve  for  tachometer  control  at  the  reproduce 
station  Is  shown  in  Figure  IV-8A  and  can  be  compared  with  the  calculated  curve 
Figure  IV-8(2). 

At  the  low  frequency  end  the  curves  are  flat  at  0  db.  This  indicates  that  the  system 
will  accurately  reproduce  the  input  demands  at  these  frequencies  (over  on  amplitude  range  which 
is  linear  ),  At  about  64  cycles  both  responses  have  amplitudes  higher  than  0  db.  This  means 
that  the  output  is  over-reacting  to  the  Input  and  produces  outputs  of  higher  amplitude  than 
the  input.  On  the  rising  slopes  of  these  curves  the  outputs  are  in  phase  with  the  demand. 

Curve  (2),  the  reproduce  station,  shows  a  peak  of  7  db  at  95  cycles.  This  means  that  the 
output  is  about  twice  as  large  as  desired  at  this  frequency;  if  the  input  signal  were  an 
attempt  to  cure  a  position  error,  presumably  180  degrees  out  of  phase  with  the  input,  then 
an  error  would  still  remain,  of  about  equal  amplitude,  but  shifted  180  degrees  with  respect 
to  the  original  error.  From  a  point  of  view  of  flutter  correction,  no  change  would  result. 

Beyond  this  first  peak,  phase  shift  begins  to  occur,  ond  depending  on  the  phase  and 
amplitude,  flutter  may  actually  be  increased.  The  curves  eventually  assume  negative  db 
values  of  gain.  This  means  the  system  does  not  respond  to  the  input  except  in  a  feeble 
way.  The  response  is  degrading  when  tht  phase  shift  exceeds  60  degrees. 
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The  curves  (1)  ond  (2)  show  quite  different  amplitude  characteristics.  The  reproduce 
station  curve  (2)  peaks  sharply  at  95  cycles.  Referring  back  to  Figure  7,  the  reason  can  be 
seen  in  the  small  gain  margin.  The  record  station  curve  has  a  lew  peak;  referring  to 
Figure  IV -6,  there  is  adequate  gain  margin.  However,  the  broad  peak  may  prove  to  be 
undesireable. 

Also  plotted  in  Figure  IV-8  are  the  open  loop  extensions  of  the  amplitude 
characteristics.  These  show  a  sharp  peak  at  5000  Hertz.  This  is  caused  by  the  torsional 
resonance  of  the  tachometer  disc  with  respect  to  the  main  inertia  of  the  motor.  With  no 
damping  this  peak  is  about  +36  db  at  the  reproduce  capstan.  With  damping,  parameter 
B2,  of  1.0  inch-oz  per  radian  per  second  the  system  would  appear  to  be  approaching  o 
stable  condition.  Closed  loop  tests  on  the  FSH-7  machine  indicate  some  selected  motors 
to  be  unstable  at  this  frequency. 

The  block  diagram  of  the  configuration  used  to  compute  tht  tachometer  response  is 
shown  in  Figure  IV -9.  Calculations  using  this  model,  do  not  shew  the  sharp  dip  in 
amplitude  immediately  below  the  peaf  ,  see  Figures  IV-8  and  IV-8A,  further  checking 
between  the  model  and  the  physical  machint  is  required. 

E.  SUMMARY  AND  FUTURE  WORK 


Progress  under  Contract  N00C14-71-C-0327  during  the  period  from  1  October  to 
31  December  1971  is  reported.  Task  I  work  is  essentially  completed.  The  two  Tape 
Condition  Monitors  (TCMs)  t  enton  Models  6152,  now  undergoing  life  testing  in  our 
laboratory,  will  be  delivered  to  the  Navy  in  January,  together  with  instructions  for 
operation  and  servicing.  These  prototype  instrument?  are  similar  to  the  Service  Test  Model 
which  the  Navy  has  been  field  testing  for  some  time,  except  that  these  prototypes  have 
some  added  features  which  are  described  in  Section  D,  Task  I.  With  these  field  instruments, 
together  with  data  accumulated  during  dropout  studies  conducted  in  the  laboratory,  it  has 
been  demonstrated  that  reliable  and  repeatable  measurements  can  be  made  on  these  heavy 
duty  use  tapes  while  they  are  being  used  in  their  normal  function  —  to  shew  where  on 
the  tape,  in  what  quantity  and  at  wliat  rate  the  drapoiA  occur.  Deployment  of  these  TCMs 
will  provide  for  more  cost  effective  use  of  these  topes. 

The  tape  rehabilitation  studies  have  progressed  to  the  stage  where  all  of  the  35  tapes 
furnished  far  verification  of  the  earlier  reported  favorable  results  liave  passed  through  their 
"precleaning"  measurements.  Tapes  are  divided  into  three  lots,  each  of  which  are  being 
cleaned  separately  —  at  different  times  in  the  program  and  at  different  rehabilitation 
stations.  "After  cleaning"  measurements  will  be  performed  on  two  of  these  lots  in  the  very 
near  future.  The  third  lot  of  tapes  are  being  held  at  our  plant.  They  will  be  cleaned  later 
in  the  program.  If,  as  anticipated,  o  substantial  reduction  in  dropouts  result  from  the 
"dry  cleaning  process  described  in  Section  D,  Task  II,  then  additional  experiments  will  be 
conducted  an  these  tapes  to  determine  wl>ether  the  rehabilitation  process  remains  effective 
during  their  continued  use. 
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Other  tape  studies  reported  under  Task  III  consider  the  effects  of  wavelength  and 
tape  speed  changes  on  the  measured  dropouts.  These  data  will  be  analyzed  and  correlated 
with  field  results  that  are  now  becoming  available.  Studies  of  individual  dropouts  will  also 
be  conducted  by  means  of  a  spinning  head  tape  reproducer  available  as  GFE.  This  work  will 
commence  in  January. 

Relative  to  the  Task  IV  studies,  it  is  apparent  from  a  comparison  of  the  theoretical 
calculations  and  actual  measurements  that  the  FSH-7  system  as  originally  supplied  is  a 
reasonable  design.  It  does,  however,  lack  flexibility  in  its  ability  to  accept  design 
variations  in  replacement  elements.  For  example,  on  capstan  motors,  motors  of  lower  torque- 
to-inertia  ratios  might  be  used  if  adjustments  could  be  made  to  the  system  gain.  In  addition, 
there  is  little  built-in  compensation  for  motor-shaft  torsional  resonances  at  high  frequencies. 
One  would  expect  that  inherently  stable  motors  can  and  should  be  supplied. 

It  has  not  been  determined  at  this  time  hew  optimal  the  original  compensation 
networks  are  with  regard  to  system  overshoot  and  settling  time.  This  will  be  investigated. 

Future  work  will  also  involve  further  testing  and  refinements  on  the  model  developed. 
Calculations  will  be  made  to  indicate  the  response  of  the  system  to  disturbing  torques. 

Speed  errors  occur  in  the  physical  system  because  of  a  variety  of  imperfections  and  dis¬ 
continuities  in  the  system  components.  It  may  be  possible  to  develop  criteria  far  the 
frequency  responses  of  the  system  to  minimize  such  disturbances. 
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TABLE  ll-l 


TOTAL  DROPOUTS  MEASURED  AT  THE  -12  PB  LEVEL 
IN  4500  FT  OF  TAPE  (15  MIN.  AT  60  ips) 

Dropouts  Dropouts 


Tape  No. 

Prev.  Use 

Track  1 

Track 

X2V-S14 

4 

417 

254 

X1F-R04 

18 

158 

162 

X2V-R15 

18 

492 

1294 

X1S-A12 

156 

17160 

1620 

X2V-A27 

292 

7560 

5560 

X1S-A27 

318 

28300 

3400 

X1S-R11 

462 

37370 

5408 

X1S-A63 

468 

37476 

5900 

X2H-R01 

486 

10900 

2386 

X1S-A09 

505 

3480 

908 

Y3S-A47 

537 

1522 

840 

Z1C-S05 

682 

2382 

277 

Y3S-R13 

6 

225 

345 

X2J-R09 

18 

2808 

5198 

X 1 S—  R 1 3 

152 

21700 

10300 

X2H-R03 

167 

1655 

59 

X1S-S12 

317 

6835 

4988 

X2J-R07 

318 

4680 

1095 

X2C-A02 

463 

11700 

458 

X1F-A16 

481 

7510 

1879 

X2H-S01 

486 

4330 

1089 

Z1C-A62 

505 

2744 

397 

X3S-A47 

624 

6477 

1455 

Y1C-A87 

739 

3620 

553 

X1S-R14 

18 

344 

1121 

X2V-R14 

18 

688 

435 

X1S-A87 

156 

2790 

1197 

X3S-A75 

281 

5630 

1999 

Z2C-A27 

317 

3350 

618 

Y1C-R06 

347 

6T75 

347 

X2V-R11 

466 

6475 

3107 

X2J-S06 

482 

12560 

2200 

Z2C-R04 

496 

24200 

422 

Y3S-A55 

510 

2240 

2300 

X1F-A43 

633 

4725 

3053 
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TABLE  III— 1 .  DROPOUTS  MEASURED  AS  A  FUNCTION  OF  WAVELENGTH 
AND  T\PE  SPEED  -  TRACK  8  -  4500  FT  OF  TAPE 
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APPENDIX  A 


Program  TF1 1 8A 

This  is  a  program  to  generate  the  transfer  function  of  the  tape  recorder  servo  in  tape 
control.  It  is  based  on  the  model  described  in  the  first  quarterly  report.  These  are  20 
parameters  which  may  be  varied  during  operation  (see  Appendix  C).  The  output  is  the 
amplitude  and  phase  of  the  system  as  a  function  of  frequency.  Referring  to  Figure  IV-1 , 
which  is  a  schematic  of  a  unity  return  feed-back  circuit,  the  program  computes  the  transfer 
function  of  block  GP.  This  is  the  forward  gain  of  the  system,  exclusive  of  the  stabilization 
network  GE.  The  servo  is  a  position  servo,  hence  the  output  is  the  ratio  of  the  output  shaft 
position  to  the  input  reference  demand. 

Motion  sensing  (output)  in  Program  TF118A  is  done  at  the  magnetic  head.  Its  position 
is  determined  by  the  variable  A,  the  distance  along  the  tape  from  capstan  to  the  head  gap. 

A  related  variable  LTT  is  the  transport  delay,  the  actual  time  delay  in  terms  of  wove 
propagation  from  the  capstan  to  the  head. 

Program  TF1 13T 

This  program  is  the  same  as  TF1 18A  except  that  output  data  is  stored  in  computer 
files  FREQ  A,  for  frequencies  and  TOLST  for  the  complex  transfer  function  values.  This 
program  is  listed  in  Appendix  B. 

Program  TF 1  i  19A  and  TFDAMP 

The  se  programs  generate  the  transfer  function  of  the  tape  recorder  under  tachometer 
speed  control.  In  this  mode  motion  sensing  is  derived  from  the  tachometer  disc.  The  model 
simulates  torsional  vibrations  in  the  motor  shaft,  as  shown  in  Fig.  IV -9.  TFDAMP  includes 
damping  for  this  vibration.  It  also  stores  output  data  in  FREQ  A  and  TOLST  files. 

Program  C1R2  and  CIR2T 

These  compute  the  transfer  function  of  equalizers  (of  the  same  configuration)  as  those 
used  at  the  reproduce  station  on  the  original  FSH-7.  Data  from  C1R2T  is  stored  in  computer 
files  FREO  B  and  CR1T2.  The  circuit  is  shown  in  Figure  IV-2. 

Program  C  1 R2B 

This  program  computes  the  transfer  function  of  the  original  equalizer  used  at  the  record 
capstan  of  the  FSH-7.  Computer  data  files  written  ore  FREQ  B  and  CR1T2.  The  circuit  is 
shown  in  Figure  IV-3. 
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Program  AB 


This  program  computes: 

(1)  GE  *  GP  or  (2)  GE  *  GP/fl+GE  *  GP);  the  open  loop  and  unity  feedback 
gains  shown  in  Figure  1. 

Here  GE  »  CR1T2,  and  GP  *  TOLST.  Data  inputs  FREQ  A  and  FREQ  B  are 
also  used. 

Program  ABD 


This  program  computes  the  open  loop  gain  and  the  effect  of  a  disturbing  force  on  the 


system. 


Computer  Operatic 


Example:  To  compute  the  closed  loop  transfer  function  of  the  system  under 

tochometer  control  at  the  record  capstan  . 

After  signing  on  the  time-share  system  the  following  procedure  occurs. 

1.  Computer:  SYSTEM 


2.  User: 


FOR,  OLD,  TFDAMP 


3.  Computer:  READY 


4.  User: 


5.  Computer:  ENTER  NUMBER  OF  CHANGES? 

6.  Referring  to  the  parameter  list,  the  user  will  decide  hew  many  changes  he 
wishes  to  make. 

User:  2 

7.  Computer:  PARAMETER  NUMBER? 


8.  User: 


3  (for  JR) 


9.  Computer:  VALUE 


10.  User: 
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11.  Computer:  PARAMETER  NUMBER? 

12.  User:  20  (for  storting  frequency  value) 

13.  Computer:  VALUE? 

14.  User:  64  (for  64  Hertz) 

15.  Computer:  CALCULATIONS  PER  OCTAVE? 

16.  User:  6 

17.  The  computer  will  now  list  the  parameter  values;  unless  the  frequency  only 

is  changed. 

18.  The  computer  will  compute  and  list: 

FREQUENCY,  HERTZ;  AMPLITUDE,  DB:  PHASE,  DEGREES 

19.  Computer:  ENTER  NUMBER  OF  CHANGES ? 

20.  If  the  user  is  satisfied  with  the  configuration  he  terminates  the  run. 

User:  STOP 


21. 

Output  data  i 

s  in  computer  files  FREQ  A  and  TOLST. 

22. 

User: 

FOR,  OLD,  CIR2B 

23. 

Computer: 

READY 

24. 

User: 

RUN 

25. 

Proceed  as  in  Steps  5  thru  20;  output  data  is  new  in  computer  files 

FREQ  B  and  CR1T2. 

26. 

User: 

FOR,  OLD,  AB 

27. 

Computer: 

READY 

28. 

User: 

RUN 

29. 

Computer: 

ENTER  1  FOR  OPEN  LOOP, 

ENTER  2  FOR  UNITY  FEEDBACK? 

30. 

User: 

2 

31. 

Computer  list! 

i,  frequency,  amplitude  and  phase  for  the  closed  loop  gain. 

32. 

Error  Condition:  The  frequency  values  in  Program  TFDAMP  and  CIR2B 

must  be  identical. 
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I.T  r  T 


\?',JA/n.  1*.  49.5  3. 
PK.  3KAM  T FI  tfr'i 


v 

4 

It*'  ■ 

*. 


f. 


I 


on  i  on 
Of!  U  0  C 
00  1  20  C 
001  30 
00  i  AD 
On  i  50 
00 l  6n  + 

001 70+ 

on  i  an 

00190 
0020 0 
00210+ 
00220+ 
00  2  30  + 
00940+ 

oor.on 

OOp  (.0  + 
00  °  70  + 
002&0+ 
00290 
00  300 
on  3)n 
op  3  pn 
00330 
00  3  40 
00  330 
00  360 
00370 
00390 
00370 
00  400 
00410 
00420 
00 430 C 
on  4  40  0 
00  4bO 
00  4  AO 
00  470 
00  480 
00  470 
00  500 
00510 
00590 
00530 
00  5  40 
00550 
00  5  60 
.00570 
00  580 
.00590 


PROGRA'-*  TF!  1^1  C  INPUT,  0 U TPM T,  7 APR  1  ,  TA9F3,  PFUR) 

OPEN  L2  3P  TRAM. St-  F  R  FUNCTION  FO  h  ANALOG  TAPE  RrC3  RPEF 
PROGRAMMER  T.  R.  TR.3vAS 
RFAL  ,ID,JL,  IK,  •'M.'O.KV.LTf 
Rt-'AL  LA 

COMPLEX  S,  T1  ,  T2,  T3,  T4,  T5,  1  6,  77.  To,  TV,  Tin,  Tl  1  ,  Tl  2, 

Tl  3,  T1  4,  Tl  5,  Tl  6,  Tl  7,  TAM,  Tin,  119,  T90,  T21  ,  TOP,  TOL,  TCL 
,  T93 

DIMENS1  IV  ARC  40)  ,  4](  1  6)  ,  CTC  321 

REAL  ar 

FOOT  VALENCE  f  ARC  1  5,  JP5  ,  (  ARC  2.)  ,  JL  5  ,  <  ARC  3>  ,  IR5  .  C  AR(  45 ,KM) , 

C  ARC  5)#KT>,  f  ARC  65,KV>,  C  ARC  75,LTT5»  C  ARCE5  ,  TD5  »  C  ARC 9  5  »  PCI  , 
f  ARC  10  >  ,  Rl)>  ,  CAPC  11  5,  A5,<  ARC  1  2)  »  1)5,  (  ARC  1  35  ,  All  » 

CARC l 4) , API, CARC 1 5  5, RCD5 , C  APC 1 65 , RA5,  C  ARC  1 71,LA5 
, C ARC  185 , D5 , < 4PC 195 , w5,< A PC pn > , FRFO ] ) 

DATA  JD/.00  !  49/,  JL/.OO  I  r«v,  |R/.  n  j  /,  kM/F  .  3/,KT/  1  2  90.  /, 
HV/.05/,LTT/.  00003.3/,  Tl)/.  377/,  PC/.  49<j/,  ED/.  6/,  A/  1 .0/, 
D/3.0/,Al/9.  F6/,  AP/3.  3/,  RCO/  10n.  /  ,  ra  /  1 . 7/.LA/.  0.035 
/,B/.264/,W/190./,  FRFO  1  /  1  .  / 

00  90  K RUN =1,1 3 

FR^n i ^  t . 

PRINT,  *PPFC1  FY  Tur  N'  UY  r  F  R  IF  PARAMETERS  TO  PF  (MANGF.D.  LL*<  , 
REA D  ,LL 

I  F  C  '  •  r  0  •  0  5  GO  T  1  6 

DC  5  T  *  1  ,  L  L 

PRINT, *FN TER  LIST  SUBSCRIPT  FT'  "-  -;  PC. Ill  VA1  FNCF  STATEMENT* , 
PFAO,  LLL 

PRINT,* EM  f F R  \'FV  VALI.'P  OF  p/)RA'/FTFf  +  , 

RF.'A  it,  A  r’C  LLL  5 
5  CONTINUE 

6P  R 1 N  T  »  *  SP  F  C I  PV  CALCULATIONS  PER  GCTAVF,  N  =  +  , 

READ, N 

FACT=EXPC AL OCC  9.01 AN 5 

P-1 1 S  CALCULATION  MAY  PR  CYCLED  UP  TT  TEN  TIFFS  FRF3RF 
TERMINATING 

I  F  C  LLL  .  EO  ,  20  .  A"  D .  LL .  FO .  1  )  GO  T  -1  in') 


PRINT,  *  .ID, 

PRINT  99,  ,l|),  JL ,  .1 R 
9?  FORMA TC 3F1 4.  45 

PRINT,*  KM, 

PRINT90,'0M,^T,!/ V 
PRINT,*  LTT, 

PRINT  99  •  LTT,  TO,  PC 
PRINT,*  PD, 

PRINT  99,RP,A,f5 


JL. 


/  i  , 


PRIM- 


Al 


Tl), 

A, 

A?. 


PRINT  99 , A  1 , AF»  PCD 
PRINT,*  FA, 

PRINT  a,P 

PRINT,*  W,* 


LA, 


JR,* 

K  * 

F  C,  * 
D,  * 
F  rD»  * 
P,* 
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00  693  T  Pi  l\=0  . 

po  <C  3r  pp/\=  ra*9CD 

00443  f»^f.-fvr^  =  ppri~.  i 

00  6  S3  p;-  30  ):|,'j 

nn  660  vn'n(\i  FRFO*  6.  9*  3 1 u 

00  6  70  S=CMPLX(n.f,»  }»'F('rt> 
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00723  TS=C  I  .  /.II  )*(  I  .  /.<•) 

00730  T6=  TS/f  1  .♦  T‘>*T4) 

00740  r7  =  T6/:; 

00  7  SO  T9  =  T7 

on 7 6o  r^rxi/f  i  .♦  '  r*m) 

00  7  70  710=7  9  *T‘ 

00  7ftO  Tl  1-(  1  . -ft/l.))  +  T10*A/D 

00793  T!?=1./S 

90*00  Tl  3=7 l 2*7 1 1 

00*  10  T  i  4=  7  1  c**  T9 

00*03  11  S=T2/f  1  .♦  T?*T1  4) 

00330  TAIJ=CFXP7  - 1 .  T  T*  T, ) 

on*  40  r i  •'  =  TOO'*- 1 .  /  •’ 

no*  SO  T  I  7  =  T 1  o  *■  T 1  6 

909  60  T 1  *  =  r.  \ 

00070  Tl o= Op* pop 

Of)* 00  T  >  3  =  '  •'/  C  RLA  +  L  P  *•  S  ) 

OOHOfl  T°!  =  T°o*  Tl  > 

OO00  3  T '» -  7  *  1  /  f  1  .  +  TP  1  **  V) 

009  10  T9  3=  T 1 9  k  TO P 

00  opn  T9L  =  A 1  *  1  •  k  123*71  7 

009  33  TC1.rT.3l  /  f  1  •  T9L  > 

00940  AvP=CAPSf  T31.  ) 

009  Ao  ayp  =  pn . ► 31,901 OC AVP) 

00 9  60  PMAS*= 37  .  OOS7»*  ATA'JPC  AIM  ACT  7  'D  »  FRA!.  (  T  7L  )  ) 

00970  I FCPHASF. 0T.0)PWASF=PHASF- 300. 

009*0  I  pij\’=  I  f- 1 1\'+  ) 

03990  T  Ff  T  wi IV  .  AT.  1  6)  rPT.3  HO 

0  1  °00  P P I  9 T  9*  »  Ff  r0#  A VP#  PH ASF 

01010  os F^PMATf 3f I  3.  3) 

0  1020  T31. 1  =R)-' oi_ (  T3I. ) 

01030  T3L '*=  A  T  (•' A6(  T  M.) 

01040  K=2* ! RUN- 1 

91943  CTfK)  =  T3».l 

0  1  0  SO  L  =  r<  ♦  1 

0  1  0  60  CTO  >  =  T3l  ° 

0137n  ATf  1  RM\’)  =  FP*7 

010*0  30  FPF0=F7F3+ FACT 

01090  FRFOI =FKF01 **. 

onoo  CO  TO  2 6 

OHIO  *OWR!  TFT  1  *  )  AT 

0 1  1  ?o  pr  W 1  9  n  i 

OM30  WR!TF<3,)C7 

0)140  ROW  I  Ml)  3 

0  |  |  '*,0  CALL  P  PIT  C  3MRFP,  SM  7  >PF  I  »  Sw  FRFOA#  0,  j  STA  ) 

«itm  CALI.  PFtIFC  3MRF:P,  !MT^prO.  SWTOI.STj  !  STA) 

01170  90CPMT1MMF 
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,  UM  ,00  680 

I  2/24/7 J ,  |P . 1  1 . 43. 

PROGRAM  TFDA)«' 


3 

5 


i. 

i 


t. 


00600 
OQ690 
00  700 
007  10 
00720 
007  30 
00  740 
007  50 
00  7  60 
00  7  70 
00  730 
00790 
00900 
0  09  1  o 
00820 
000  30 
ms  40 
003  50 
000  60 
00870 
0090O 
00*5 1  0 
00920 
009  00 
009  40 
O09  50 
009  60 
00970 
00990 
00990 
01000 
01010 
01020 
0 1 0  30 


I  R'JN  =  0 
RRA=RA+RCD 
26FRF0=FRFO1 

DO  30  I  -  1  ,  \’ 

G4  »  FREQ* 6. PR  3 1  F. 

s^CKPLxrn.o* imfga) 

Tl =f  1  .  /.JR)  *  C  J  .  /S> 

T2=T1  /<  1  .♦!  1*T> 

T3= ( 1 . /J0>* 1 . /S 

T4=TD/(  1  .  +  T3+T0) 

T5=C  1  . I  .  /?) 

T6  =  T5/(  1  .  ♦  T5<  T4) 

T7-T6/5 

T9-T7 

T9=RT/(  1  .♦XT*T«> 

T1 n  =  T94  T8 

TJ  1  =  C  1  . -A/0)+  T10*A/D 

T24=  (  1  . /S)*C 1  .  /(.1T*S*R?>  ) 

T25al<5/(  1  1^45 

T26-T25+T24 

T9°  =  T9  +  TP5 

T30=  T  ?-.'■/ 5 

T  3  1  »  T  2  °  /  S 

T32=  T?/(  1  •  +  T2»-  T 0  1  > 

Tl  6= I  .  /  W 
T1  7=T1  6*  TOO 
T!  «  =  A1 
Tl  9=AP*RCD 
Tprtr/y/f  RRA+I.A«S) 

T21 *  T3?*K V 

T92=  T20 / (  1  ) 

T?3*T1  9*T2!> 

TP  1  =  T23*  T  1  8 
T0l.*TDl*T3?*T1  7 


010  40 
010  50 
01060 
01070 
010PO 
01090 
0|  J  00 

omo  9p 

01  1  8C 
01  1  30 

01  1  40 

01150 
01  1  60 
01170 
01  180 
01  190 
01200 
0|  210 
0 1-220 
'XJtvm)  yr) 

01  24C 


AMP  =  CAOSC  TOL) 

AMP  =  PO.*AL?G10f « 'IP) 

PHASE-57. 29578*ATAN2<  AIMAOt  TOL) ,  REAL  f  T-5L  )  ) 

I  E < °HA SE •  GT.OPHASE-PHASE-  360. 

1  RUN  =  I  RUN*  1 
I  F(  I  RUN.  (IT.  I  6>G«m  «n 
PRINT  99, FREQ. APE, PWASF 
EORRAT< 3E1 3. 3> 

TOL  1  «REAL  (  TOO 
T0L2=*A  TV Ap(  TUI.) 

K  =  9*  j  rim-  i 
L»K*  1 

CT(K) *T0L1 
CTO.  )  =  TOL  2 
E0*RFAV.C TO  I > 

EE*4 I MAG( T01 > 

FT(K  ■>  *FP 
ETf  L  )  aFF. 

A T f I  RUN) *FRRO 
FRFQ*FRFQ*  FAOT 
FPEQ 1  «FRFtJ  1  >2. 
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APPENDIX  C 


Parameter  Lift 


Symbol 

Nominal  Value 

1. 

JD 

.00149  oz-ln-sec2 

✓ 

2. 

JL 

.00128  oz-In-sec2 

3. 

JR 

.01  az-fn-sec2 

4. 

KM 

8.3  az-ln/omp. 

5. 

KT 

4 

1890  oz-in/radian 

6. 

KV 

.  05  volts/rod/sec 

7. 

LTT 

33  microseconds 

8. 

TD 

.  1  oz-in/rod/sec 

9. 

RC 

.498  in. 

10. 

RD 

.6  in. 

11. 

A 

1 .  in. 

12. 

D 

3.  in. 

13. 

A 1 

2 .  *  1 06  volts/sec 

14. 

A2 

3.3  amps/volt 

15. 

RCD 

100  ohms 

16. 

RA 

1 . 7  ohms 

17. 

LA 

.0035  henries 

Remarks 

Moment  of  Inertia  of  internal  roller 
in  inertia  damper. 

Moment  of  inertia  of  external  roller 
inertia  damper. 

Moment  of  inertia  of  motor  armature, 
capstan  and  pinch-rollers. 

Motor  torque  output. 

Elastic  restoring  tor que  thru  tope  between 
the  capstan  and  inertia  roller. 

Back  emf  capstan  motor. 

Transport  delay  through  the  tape  from 
capstan  to  pickup  head. 

Damping  torque  of  inertia  roller. 

Capstan  radius. 

Inertia  roller  rodius. 

Distance  from  capstan  to  pickup  head. 

Distance  from  capstan  to  inertia  roller 
along  the  tape  path. 

Pre-amplifier  gain  due  to  time  base  error. 
Power  amplifier  conversion  factor. 

Power  amplifier  impedance. 

Capstan  motor  impedance  resistive. 
Capstan  motor  impedance  Inductive 
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Porometer  LI»t  (Coot'd) 


Symbol 

Nominal  Value 

Remarks 

18. 

B 

.  264  oz-in/rod/ sec 

Damping  torque  of  capstan  motor. 

19. 

W 

120.  rad/sec 

Angular  speed  of  capstan,  60  ips . 

20. 

FREQ  1 

1 .  Hertz 

Starting  frequency  for  calculations. 

21. 

JT 

.0023  oz-in-sec^ 

Moment  of  inertia  of  tachometer. 

22. 

KS 

1.85  oz-in 

Torsional  restoring  torque  of  motor  shaft. 

24. 

B2 

1.  az-ln/rod/tec 

Torsional  damping  torque. 

Figure  2 

Figure  3 

Symbol 

Value  CIR2  and  CIR2T 

Value  CIR2B 

1. 

RS 

1000  ohms 

500  ohms 

2. 

RL 

20000.  ohms 

16700  ohms 

3. 

R1 

330000.  ohms 

100000  ohms 

4, 

R2 

10000  ohms 

10000.  ohms 

5. 

R3 

10000  ohms 

10000  ohms 

6. 

R4 

0 

0 

7. 

R5 

0 

0 

8. 

Not  used 

Not  used 

9. 

Cl 

.  0068  mi  crofarads 

*  .015  microfarads 

10. 

C2 

4,  microfarads 

4.  microfarads 

11. 

C3 

Not  used 

.015  microfarads 
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